This work investigates for the first time the occurrence of drugs of abuse and metabolites in surface waters from the Tagus River on its way through the province of Toledo (downstream Madrid metropolitan area) and in drinking waters in two nearby cities. Some of the studied drugs are used for therapeutic purposes but they can also be consumed as illicit drugs. The results of this preliminary study have revealed the presence of 12 out of 22 drugs of abuse analyzed in fluvial water at concentrations ranging from 1.14 to 40.9 ng/L. The largest concentrations corresponded to the anxiolytics diazepam and lorazepam, the cocaine metabolite benzoilecgonine, the amphetamine-like compound ephedrine, and the methadone metabolite EDDP. All these substances, except for lorazepam, were detected in all the sampling points. Traces of methadone and ephedrine were detected in some samples of tap water. Despite the low concentrations of these pollutants, effects on wildlife or human health cannot be disregarded, especially on vulnerable population. Thus, the treatment of these substances using a heterogeneous photo-Fenton process has been evaluated, rendering a remarkable effectiveness for their degradation.
Introduction
In recent years a great interest has been aroused in the so called "emerging pollutants" (EPs), which comprise very different substances such as endocrine disruptors, pharmaceuticals, drugs of abuse (DAs), and their metabolites are included. The recent development and application of advanced analytical methodologies for the detection of DAs in urban wastewaters have permitted to establish that these substances are not effectively eliminated in sewage treatment plants (STPs) . As a consequence, the presence of DAs has been reported in different European surface waters of Italy (Zuccato et al., 2008) , UK (Kasprzyk-Hordern et al., 2008) , Germany (Hummel et al., 2006) , Belgium (Gheorghe et al., 2008; van Nuijs et al., 2010) , Ireland (Bones et al., 2007) and Croatia (Terzic et al., 2010) .
In Spain, several works have studied the occurrence of DAs in wastewaters and surface waters from Catalonia (Boleda et al., 2007 (Boleda et al., , 2009 Huerta-Fontela et al., 2007) , the Ebro River basin (Postigo et al., 2010) (Northeastern Spain), Galicia (Northwestern Spain) (Gonzalez-Marino et al., 2010) , the Henares River (Central Spain) (Martinez Bueno et al., 2010) , and L'Albufera National Park in Valencia (Eastern Spain) (Vazquez-Roig et al., 2010) . Meanwhile, Huerta-Fontela and Boleda et al. (Boleda et al., 2009; Huerta-Fontela et al., 2011) have also investigated the presence of illicit drugs at very low concentrations in treated drinking waters.
The UNODC (United Nations Office on Drugs and Crime, 2008) has recently published the World Drug Report 2011 Report , indicating that, in 2009 , between 149 and 272 million people (between 3.3% and 6.1% of the population aged 15-64) worldwide have used illicit drugs at least once. While the total number of illicit drug users has increased since the late 1990s, the prevalence rates have remained largely stable. Cannabis has been reported to be by far the most widely used illicit drug type, followed by amphetamine-type stimulants (mainly methamphetamine, amphetamine and ecstasy), opioids (including opium, heroin and prescription opioids) and cocaine. Data for 2009 indicated annual prevalence rates of 2.8-4.5% for cannabis and 0.3-0.5% for cocaine.
A recent Spanish survey on alcohol and drugs (EDADES, 2010) confirms cannabis as the most consumed illicit substance with a prevalence rate of ca. 32.1% of persons that have ever used this drug during their life, which places Spain in the fourth position, after Denmark, France and the United Kingdom, in the ranking of European countries in the use of cannabis. The second most consumed illicit drug is cocaine. 10.2% of the Spanish population has taken cocaine at some stage and its level of consumption is similar to that of the USA in 2009. Other stimulants, such as ecstasy, amphetamines or several hallucinogenics show low and stable consumptions, with prevalence rates lower than 1%. Heroin, in addition to having a low prevalence rate (0.6%), shows a constantly decreasing consumption trend (EDADES, 2010) .
DAs are substances that, due to their elevated volumes of production and consumption, are continuously discharged into the aquatic environment (Jones et al., 2005) . These compounds, with an elevated pharmacological potential, may have negative effects on wildlife or human health (Pomati et al., 2006) . Thus, continuous monitoring of the chemical quality of the effluents discharged from urban STPs would be desirable in order to ensure complete elimination of these substances and to avoid undesirable effects on the environment. This concern is even more imperative in the case of drinking water treatment plants (DWTPs), which supply the finished drinking water to the population. Currently, neither the Spanish nor the European legislations demand the analysis of these EPs in treated wastewater for regeneration uses, surface waters or drinking water.
These EPs have been shown to be very recalcitrant to elimination by physicochemical and biological treatments at conventional STPs. In this respect, advanced oxidation processes (AOPs) have emerged as a promising alternative for their removal from waters (Boleda et al., 2011) . The efficiency of these processes is based on the strong oxidizing power of the hydroxyl radicals, which can be generated using different methods such as photocatalytic systems, hydrogen peroxide catalyzed processes or ozonation (Balcioglu et al., 2003) . Among the AOPs assisted by UV-VIS irradiation, the photo-Fenton process may be a compelling alternative, since it has proved highly efficient in the elimination of multiple polycyclic/aromatic organic compounds such as phenolic derivatives, chlorinated pesticides, aryl and alkyl sulfonates and stains, and EPs like estrogens and pharmaceutical compounds (Ternes et al., 2003) .
In this context, the main objectives of the present preliminary study were (i) to assess for the first time the occurrence of 22 DAs and metabolites in surface water samples from the Tagus River basin and in drinking waters from the province of Toledo (center of Spain), and (ii) to evaluate the potential application of heterogeneous photoFenton treatment as an AOP for elimination of the substances detected in the water samples.
Material and methods

Sampling
The province of Toledo belongs to the Autonomous Community of Castilla-La Mancha and houses its capital, Toledo city. The Tagus River enters the province of Toledo by Añover del Tajo (Northeast), crosses the province from east to west flowing by Toledo and Talavera de la Reina cities, and leaves it by Azutan (Fig. 1) . The main geographical and demographic data of the aforementioned urban cities are included in Fig. 1 (INEbase, 2009) . Surface water samples from the Tagus River were collected at the entry (Añover de Tajo, RPS1) and the exit (Azután, RPS5) of Toledo province. The latter, in Azutan, was more specifically collected from a reservoir used for irrigation. Surface waters were also taken approximately 100 m downstream of the discharge of two STPs located in Toledo city (RPS2 and RPS3) and the STP of Talavera de la Reina (RPS4). Table 1 summarizes the features of the selected sampling points.
Additionally, three tap water samples were collected from public places supplied by different DWTPs from Toledo city (DW1 and DW2) and Talavera de la Reina (DW3). Table 2 indicates the main characteristics of the investigated DWTPs. Water from the Cazalegas reservoir, which is near the inlet of Talavera de la Reina DWTP, was also evaluated (RES).
Grab water samples (1 L) were collected in pre-rinsed amber glass bottles on June 28th, 2010. The pH and the temperature were immediately measured, and the samples were thereafter sent to the laboratory for analysis within the next 24 h.
Target compounds
Up to 22 drugs and metabolites belonging to 6 different chemical classes -amphetamine-like compounds (ALCs), benzodiazepines, cannabinoids, cocainics, lysergic acid diethylamide (LSD) and metabolites, and opioids -were monitored in the collected waters (see Table 3 ). The group of ALCs investigated included amphetamine (AM), methamphetamine (MA), 3,4-methylenedioxymethamphetamine (MDMA or ecstasy), and ephedrine (EPH). The selected benzodiazepines were alprazolam (ALP), diazepam (DIAZ) and lorazepam (LOR). Target cannabinoids were the main psychoactive component of the cannabis plant, Δ 9 -tetrahydrocannabinol (THC), and two metabolic products, 11-nor-9-carboxy-Δ 9 -tetrahydrocannabinol (THC-COOH) and 11-hydroxy-Δ 9 -tetrahydrocannabinol (OH-THC). Target cocainics included cocaine (COC), its major metabolite benzoylecgonine (BE), the minor metabolite nor-benozylecgonine (nor-BE) and the trans-esterification product cocaethylene (CE) formed when cocaine and ethanol are simultaneously consumed. The lysergic compounds investigated were the most potent known hallucinogenic substance, LSD, and two of its metabolites, nor-LSD and nor-iso LSD (nor-LSD) and 2-oxo-3-hydroxy-LSD (O-H-LSD). Opioids surveyed were morphine (MOR), heroin (HER), the heroin metabolic product 6-acetylmorphine (6ACM), the synthetic opioid-agonist methadone (METH), which is usually employed to treat heroin addiction, and its main excretion product 2-ethylidene-1,5-dimethyl-3,3-diphenylpyrrolidine (EDDP).
High purity (>97%) standard solutions of the target compounds and their deuterated analogs (used as surrogate standards (SS) for quantification) were obtained from Cerilliant (Round Rock, TX, USA) as solutions in methanol or acetonitrile.
Analytical method
Upon reception, samples were vacuum filtered through 1-μm glass fiber filters and 0.45-μm nylon membrane filters (Whatman International Ltd., Maidstone, England) and stored in amber polyethylene terephthalate (PET) bottles at − 20°C in the dark until analysis. The methodology applied to the analysis of illicit drugs and their metabolites in the collected water samples is a variation of a previously described fully automated method based on on-line solid phase extraction-liquid chromatography-tandem mass spectrometry (on-line SPE-LC-MS/MS) (Postigo et al., 2008) . Modifications of the previous method include:
(i) the use of a different on-line sample processor system, a Symbiosis-Pico, instead of a Prospekt-2 system (both from Spark Holland, Emmen, The Netherlands), for SPE of samples. (ii) the addition of a few more drugs, namely, methadone, EDDP, alprazolam, lorazepam and diazepam (with their corresponding deuterated analogs for internal standard quantification) to the list of target compounds, and (iii) the use of a modified mobile phase consisting of acetonitrile (ACN) and 10 mM ammonium formate aqueous solution for analysis of the target compounds in the positive ionization (PI) mode.
Prior to extraction, all water samples were spiked with a standard mixture of the deuterated compounds at a concentration of 100 ng/L for BE-d 
. Five milliliters of spiked water samples were preconcentrated onto previously conditioned (1 mL of ACN and 1 mL of LC-grade water) on-line SPE cartridges. PLRPs cartridges (Spark Holland, Emmen, The Netherlands) were used to isolate the compounds measured in the PI mode (all but cannabinoids), and Oasis HLB cartridges (Waters, Barcelona, Spain) were used to preconcentrate the analytes measured in the negative ionization (NI) mode (cannabinoids). Elution of the analytes from the cartridges to the LC system was done with the chromatographic mobile phase pumped by the Symbiosis Pico system. Chromatographic separation was achieved with a Purospher Star RP-18 end-capped column (125 × 2 mm, particle size 5 μm) preceded by a guard column of the same packing material, both supplied by Merck (DaMRstadt, Germany). The mobile phase consisted of a linear gradient of ACN/water in the NI mode and a linear gradient of ACN/ 10 mM ammonium formate in the PI mode, at a constant flow rate of 0.3 mL/min. MS/MS analyses were performed with a 4000 QTRAP hybrid triple quadrupole-linear ion trap mass spectrometer equipped with a turbo ion spray source (Applied-Sciex, Foster City, CA). For reliable quantitative and confirmatory analysis, data acquisition was performed in the selected reaction monitoring (SRM) mode, recording the transitions between the precursor ion and the two most abundant product ions for each target analyte, thus achieving 4 identification points per compound.
Quality control/quality assurance
The analytical methodology was validated in terms of linearity, repeatability, accuracy and sensitivity. Further details on their calculation can be found in Postigo et al. (Postigo et al., 2008) . Quantification, based on peak areas, was performed by the internal standard (IS) method, which allowed correcting potential matrix effects that usually occur in electrospray ionization (ESI). Each analyte was quantified using as IS its corresponding deuterated analog, with the exception of the LSD metabolites and nor-BE, for which LSD-d 3 and BE-d 8 were used, respectively. The method was shown to be linear, with correlation coefficients higher than 0.995 for all compounds within the concentration range 0.1-500 ng/L. LC-grade water samples were analyzed after the calibration curve and every four real water samples in order to check for potential carry over effects. Additionally, several quality control samples (LC-grade water spiked with the standard mixture at 50 ng/L) were included in the sample batch to control the performance of the analytical instrumentation.
Overall, analyte absolute recoveries were satisfactory for all compounds but lorazepam and THC, which presented though satisfactory relative recoveries (110 and 111%, respectively). Method repeatability, calculated as the relative standard deviation (RSD) of the replicate (n = 3) analysis of spiked (50 ng/L) water samples was also satisfactory, with RSD values below 23%.
Average method limits of determination (LODet, minimum concentration of a compound that can be quantified and confirmed) were between 0.13 ng/L (COC) and 14.60 ng/L (amphetamine). For more details about LODet calculations, see Postigo et al., (Postigo et al., 2008) .
Photo-Fenton experiments for degradation of drugs
Photo-Fenton experiments were performed with a 150 W medium pressure mercury lamp (Heraeus TQ-150). The lamp was surrounded by a quartz jacket in which a copper sulfate aqueous solution circulates to block radiation at wavelengths shorter than 313 nm. Typically, a cylindrical glass vessel was filled with 1 L of the water sample. The catalyst was suspended into the aqueous solution (0.6 g/L) and the pH was initially adjusted to ca. 3 with H 2 SO 4 (0.1 M) and left uncontrolled during the treatment. The initial hydrogen peroxide concentration used for the treatments was calculated according to the stoichiometric amount for the complete mineralization of the total /g and a narrow pore diameter distribution centered at ca. 7 nm. The total iron content of the bulk material is about 16 wt.%.
The temperature of the water samples in the cylindrical vessel was set at ca. 22°C. The solution was stirred to ensure the complete dispersion of the catalyst within the reaction medium. The duration of the treatments was long-stand up to 6 h until the hydrogen peroxide was totally consumed. After 6 h, the samples were filtered through 0.22 μm nylon membranes to remove the heterogeneous catalyst prior to analysis. Samples taken at that time were submitted to quantification of DAs concentrations as well as some other macroscopic parameters such as total organic carbon (TOC), chemical oxygen demand (COD) and conductivity. The total hydrogen peroxide consumption after treatment was confirmed using an iodometric titration method.
Statistics
DAs concentrations were analyzed by computing indices of central tendency and dispersion (minimum and maximum). The first value above the limit of quantification was considered the minimum value, and only values above the limit of quantification were used for median calculation.
Results and discussion
The study was focused on the analysis of different DAs in surface waters of the Tagus River or reservoirs used for abstraction of drinking water or for irrigation purposes. Moreover, contamination by these substances in three tap water samples supplied by different DWTPs of Toledo province was also tackled. The removal of these DAs in surface water samples was evaluated by a photo-Fenton process based on the application of a heterogeneous iron-containing catalyst (Fe 2 O 3 -SBA-15) in the presence of hydrogen peroxide and UV-vis irradiation.
Drugs in surface waters
The concentrations of the investigated DAs, as well as some more typical characterization data of surface water samples such as pH, conductivity, COD, TOC and the presence of some metals are depicted in Table 4 . All samples showed a weak acid pH ranging from 5.25 to 5.95 and fairly similar conductivity, between 1.63 and 2.01 mS/ cm. The metal concentrations are within the water quality regulations, most of them being at concentrations below the detection limit of the equipment (ca. 0.5 mg/L). However, TOC and COD parameters evidenced higher differences depending on the sampling site.
In these collected fluvial waters 12 out of the 22 drugs analyzed were detected, with concentrations ranging from 1.14 ng/L to 40.90 ng/L. In terms of the overall drug contamination, RPS1, RPS2 and RPS3 samples were the most polluted with concentrations of ca. 131, 149, and 134 ng/L, respectively. In turn, RPS4 and RPS5 samples showed lower contents with concentrations of ca. 40 and 20 ng/L, respectively (Table 4) . From these preliminary results, it can be concluded that DAs contributed very little to the TOC and COD levels measured and hence that the waters investigated contained many other dissolved substances. This aspect is important because the organic content is known to play a crucial role in the degradation of drugs by advanced oxidation processes due to competition for the oxidizing radical species ). The largest amount of drugs of RPS2 (149 ng/L) corresponds to the sampling point located downstream of the discharge of "Santamaría de la Bequerencia" STP (Toledo municipality with an actual served population of 19,000 inhabitants and 20-30% industrial component). The following point with the largest summed concentrations of DAs was RPS3 (134 ng/L), which corresponds to the site downstream of the discharge of the Toledo city STP. The third most polluted point was RPS1, with an overall concentration of 131 ng/L, corresponding to Añover del Tajo, the point where the Tagus River enters Toledo province from the Madrid region. The most abundant DAs were the anxiolytics DIAZ (40.9 ng/L) and LOR (39.8 ng/L), the cocaine metabolite BE (40.6 ng/L), the amphetamine-like compound EPH (14.7 ng/L), and the methadone metabolite EDDP (13.8 ng/L). Except for LOR, these substances were also the most ubiquituous compounds, being detected in all analyzed samples (Table 4) . These concentrations are comparable to the levels reported in river basins of other European countries, such as Belgium (Gheorghe et al., 2008) , Italy (Zuccato et al., 2008) , UK (Kasprzyk-Hordern et al., 2008) and the USA (Bartelt-Hunt et al., 2009) (Table 5) .
Within the group of ALCs, EPH was, as previously mentioned, detected in all the sampling sites whereas MDMA and MA were found in two and one sampling sites, respectively, at low concentrations (up to 3.22 ng/L), and AM was not detected at all. The median level of EPH was 13.40 ng/L. In a recent study carried out in another Spanish river basin (the Ebro River, (Postigo et al., 2010) ), EPH was also detected in 100% of the samples with a median level of 5.4 ng/L but reaching concentrations up to 145 ng/L. The ubiquity and abundance of EPH in surface waters is likely due to its therapeutic use (in addition to the illicit one) in pharmaceutical formulations to treat influenza, asthma, hypotension or congestion, its high percentage of excretion without metabolization (between 22% and 99%), and its incomplete elimination in STPs (around 70%) (Postigo et al., 2010) . In the aforementioned study, MDMA was also the second (after EPH) most ubiquitous ALC (64% of positive samples, maximum concentration 11.8 ng/L), followed by MA (14% of positive samples, maximum concentration 0.7 ng/L) and AM (7% of positive samples, maximum concentration 12.1 ng/L). Fairly similar trends, with MDMA as the most ubiquitous and usually also the most abundant ALC found (concentrations up to 6 ng/L), and MA and AM as less frequent and minor ALCs (most often below method determination limits, concentrations up to 3.4 ng/L), have been observed by Vázquez-Roig et al. (Vazquez-Roig et al., 2010) in the Natural Park of L'Albufera in Valencia (Spain) and by Zuccato et al. (Zuccato et al., 2008) in Italian and British surface waters (EPH was not measured in either study). Otherwise, higher concentrations and detection frequencies were reported by Kasprzyk-Hordern et al. (Kasprzyk-Hordern et al., 2008) for AM in southern Wales (around 83-87% positive samples, concentrations up to 21 ng/L (other ALCs were not measured)). The different ranges of concentration of these drugs are normally associated to multiple factors, such as the hydrologic, demographic and sociological habits of the population as well as the influence of the technical operation units of the STPs in the depuration of wastewaters.
The benzodiazepine anxiolytics DIAZ and LOR, were found in 100% and 60% of the sampling sites, respectively, whereas ALP was not detected. DIAZ and LOR maximum concentrations were very similar and high (40.90 and 39.80 ng/L, respectively) as compared to the other target compounds monitored in this study, although in general LOR Martinez Bueno et al., 2010; Valcarcel et al. (2011) ). e Olona River. f Lambro River. g Po River.
h Arno River (Zuccato et al. (2008) ).
i Grote River. j Demer River. k Senette River (Gheorghe et al. (2008) was found at higher levels than DIAZ (median concentrations 29.00 ng/L and 15.10 ng/L, respectively). Similar concentrations were detected in the main rivers of the nearby region of Madrid by (Martinez Bueno et al., 2010) and (Valcarcel et al., 2011) in a previous study. The highest concentration of DIAZ in fluvial water has been reported by (Ternes, 2001) , 0.88 μg/L. This substance has also been detected in the Po and Lambro Rivers in Italy (Calamari et al., 2003) or in Rumania (Moldovan et al., 2007) . LOR is extensively metabolized to its glucoronide conjugate, with negligible amounts excreted unchanged (Ghasemi and Niazari, 2005) . In river waters of Spain, LOR has been detected at concentrations of ca. 40 ng/L (Gros et al., 2010) and in treated sewage effluents at levels up to 200 ng/L (Coetsier et al., 2009 ). Regarding cannabinoids, neither Δ9-tetrahydrocannabinol THC nor OH-THC were detected. THC-COOH was detected in only one sampling point, at a concentration of 6.51 ng/L. THC and OH-THC are metabolized to THC-COOH (Baselt, 2004) , which could explain why the former are not detected in surface river waters. The presence of cannabinoids has also been reported in rivers of Catalonia by Boleda et al. (Boleda et al., 2009) and Postigo et al. (Postigo et al., 2010) and by (Zuccato et al., 2008) in Italy.
As for cocainics, the COC metabolite BE is the most widespread compound, found in all sampling points. The largest BE concentration was 40.6 ng/L, corresponding to RPS1 (entry of Tagus River from Madrid province to Toledo province). The second most abundant cocainic compound was NorBE, with a maximum concentration of 9.44 ng/L in RPS1 and present in 80% of the sampling sites. In Spain, to the best of our knowledge, this is the first work which analyzed and detected NorBE in surface water. In comparison to other studies, comparatively larger concentrations of COC (up to 59.2 ng/L) and its metabolites BE (up to 346.0 ng/L) and CE (6.8 ng/L) were detected in the Ebro River (Spain) by Postigo et al. (Postigo et al., 2010) . Also in Spain, in surface waters of the Natural Park of L'Albufera, Vazquez-Roig et al. (Vazquez-Roig et al., 2010) reported the presence of COC, BE, and another major COC metabolite, Ecgonine Methyl Ester (ECGME), at concentrations up to 4.43 ng/L, 78.71 ng/L and 1.35 ng/L, respectively, demonstrating that these substances are ubiquitous in surface waters. Only 1-9% of the consumed COC is eliminated unchanged; the rest is mainly excreted as its major metabolites BE (35-54%) or ECGME (32-49%) (Postigo et al., 2008) . Moreover, the degradation of COC to these and other transformation products after excretion in the STPs and in the aquatic environment, where their degradation can continue under the natural weather conditions Gheorghe et al., 2008) , explains the relatively low levels of COC often found in surface waters and their decrease with time in favor of other transformation products.
The most widespread opioids EDDP (METH metabolite) and METH were found in 100% and 60% of the sampling sites, with median values of 7.57 ng/L and 2.58 ng/L, respectively. In both cases, the largest concentrations were found in RPS2, which corresponds to the sampling point downstream of the discharge of the second largest STP of the Toledo city municipality. Morphine was only detected in one point (RPS1) at very low concentration (1.74 ng/L), and neither heroine nor its metabolite 6-acetylmorphine (6ACM) were detected. Boleda et al. (Boleda et al., 2009 ) along the Llobregat River basin and Zuccato et al. (2008) reported similar values in Italian surface waters to those presented herein. The occurrence of METH and its main metabolite EDDP in surface waters results from the high use of METH as therapeutic drug in the substitution treatment for opioids in Spain, their significant excretion rates (5-50% and 3-25%, respectively) (Melis et al., 2011) , their poor or non-removal at all in STPs (Postigo et al., 2011a) , and their high persistence in the aquatic environment.
Evaluation of photo-Fenton treatment for the removal of DAs from surface waters
The results of the photo-Fenton treatment of surface water samples are summarized in Table 6 . The levels of all target DAs after 6 h of heterogeneous photo-Fenton treatment were below the method detection limits, which demonstrates the potential application of this technology for the removal of these substances. Recently, two solar photocatalytic processes, one of them based on heterogeneous photocatalysis using titanium dioxide, and the other one based on a homogeneous photo-Fenton system using iron (II) salts in dissolution, have been evaluated by the authors at a pilot-plant scale for the removal of COC and METH (Postigo et al., 2011b (Postigo et al., , 2011c . Preliminary results for both processes revealed for the first time the potential application of photocatalytic processes for the removal of these substances. The results of the two studied photocatalytic systems revealed that the homogeneous photo-Fenton treatment was slightly more efficient than heterogeneous TiO 2 photocatalysis. The present work was focused on the evaluation of a heterogeneous photo-Fenton system, in this case for the removal of a wide variety of drug substances that have been positively detected in surface water samples, such as amphetamine-like compounds (EPH, MDMA, MA), benzodiazepines (DIAZ, LOR), cannabinoids (THC-COOH, BE, CE, Nor-BE), and cocainics (EDDP, METH, MOR).
The efficiency of heterogeneous photo-Fenton treatment for the degradation of these illicit drugs was really noteworthy as compared to those found for conventional activated sludge secondary treatments in STPs ). In addition, the influence of the water matrix does not seem to have a crucial role in the efficiency of the heterogeneous photo-Fenton treatment for the removal of DAs, as it has also been reported in other works for the application of AOPs in the degradation of other EPs (RodriguezGil et al., 2010) .
Concerning other macroscopic characterization parameters, the degradation of DAs to oxygenated by-products of lower molecular weight can be attested to, even with partial mineralization to carbon dioxide and water, since COD and TOC concentrations were reduced up to conversions ranging from 37 to 91% and 9 to 71%, respectively ( Table 6 ). The highest TOC reductions were exhibited for RPS1 and RPS5 samples, with TOC reductions around 70%. Unlike the results related to the removal of DAs, the water matrix shows an important influence on the efficiency of the heterogeneous photo-Fenton treatment in terms of the COD and TOC parameters as can be seen in the different values of COD/TOC of the treated samples. It must also be noted that the COD/TOC ratio of as-received water samples (between 1.7 and 5.1, median at 2.3) decreased after the treatment (from 0.7 to 1.7, median at 1.4), which indicates the increase of the partial oxidation of the organic matter towards low molecular weight oxygenated by-products.
DAs in tap waters and in the Cazalegas drinking water reservoir
There are virtually no studies on the occurrence of DAs in drinking waters. Only four studies in Spain have addressed this issue. These studies investigated the presence, fate and behavior of various DAs through the drinking water treatment process in a plant located in the last stretch of the Llobregat River, which serves the Barcelona metropolitan area (Boleda et al., 2009; Huerta-Fontela et al., 2011) . In these studies, the only substances found to be recalcitrant and to persist in the finished water, even after considerable treatment, were BE, found at a maximum concentration of 130 ng/L, and METH and EDDP, found at concentrations up to 1.7 and 2.9 ng/L, respectively. In this respect, it may be worth pointing out that this DWTP, due to the considerably bad quality of the surface water used as source, is being subjected to a very comprehensive line of treatment that includes prechlorination, coagulation, sand filtration, ozonation, granular activated carbon (GAC) filtration and post-chlorination.
In the present study, the number of compounds detected in the finished drinking water was comparatively larger. Anxiolytics and LSD and its metabolites were not detected in any of the drinking water and reservoir samples. Within the group of ALCs, EPH (not investigated in the aforementioned studies) was found in 2 out of Table 6 Results of the photo-Fenton treatment applied to surface waters. a The levels of all monitored drug substances were below the method determination limits.
Table 7
Concentration of the target DAs in drinking waters (ng/L).
the 3 tap water samples (DW1 and DW3) and in the Cazalegas reservoir (RES) at sub-ng/L levels (Table 7) . Sample DW3 was also positive for MDMA (1.5 ng/L). Both EPH and MDMA presented higher concentrations in sample DW3, coming from the Talavera de la Reina DWTP, than in the Cazalegas reservoir (RES), which is the reservoir of this DWTP. This could be attributed to the analysis of grab water samples and should therefore be confirmed with a specifically designed study using composite samples. If confirmed, a reversion to the parent compound of non-analyzed metabolites or by-products could be happening, similarly to what has been described for some pharmaceuticals (deconjugation by enzymatic processes in STPs (Calisto and Esteves, 2009) ) and also for THC-COOH (Postigo et al., 2010) . The cannabinoid THC and its metabolite OH-THC were each detected in only one sample at 5.53 ng/L and 0.49 ng/L, respectively. Because of their physical-chemical properties (log Kow > 5), cannabinoids are expected to partition to solids to a higher extent than other DAs. In fact, this is the argument most extensively used to explain their relatively low detection frequencies and concentrations in raw wastewaters, where levels according to consumption would be expected to be higher. Nevertheless, in the case of relatively clean waters, such as some natural surface waters, ground water or drinking water, another possible reason may lie in their method detection limits, which are in most instances larger than for other DAs, and consequently insufficient to detect them. In the abovementioned studies carried out in the DWTP of Barcelona, cannabinoids were either not detected in the source water (Boleda et al., 2011) or detected (14.7 ng/L of THC-COOH and 12.0 ng/L of THC in 1 out of 18 samples) and further eliminated after the first steps of prechlorination and sand filtration (Boleda et al., 2009) .
Within the group of cocainics, only COC and its metabolite BE were detected and just in the reservoir sample (RES) at concentrations of 2.11 ng/L and 2.47 ng/L, respectively. In the studies carried out by Huerta-Fontela et al. (Huerta-Fontela et al., 2008) and Boleda et al. (Boleda et al., 2011) , these two compounds were among the most recalcitrant ones being either not completely eliminated (BE) or eliminated only near completion of the process after progressive reduction of the concentrations throughout the various treatment steps (COC).
As for opioids, methadone was detected in only one of the analyzed tap water samples (DW1) and in the reservoir sample (RES), where it was found together with EDDP at concentrations below the determination limits. As previously mentioned, these two compounds, detected in the finished drinking water of Barcelona, seem to be quite resistant to purification (91 and 87% elimination after prechlorination, coagulation, sand filtration, ozonation, GAC filtration and post-chlorination (Boleda et al., 2009) ), although the last published study reported their complete elimination after GAC filtration and also after a newly implemented process of reverse osmosis. In the present preliminary study, the occurrence of METH, EDDP, COC and BE in the reservoir sample (RES) but not in the corresponding tap water (DW3) would indicate that the Talavera de la Reina DWTP effectively eliminates them, although the very low concentrations measured do not allow us to reach firm conclusions in this respect.
Conclusions
The results obtained confirm the presence of DAs in the Tagus River along the Toledo province, downstream of the Madrid region. The anxiolytics DIAZ and LOR, the cocaine metabolites BE and NorBE, the ALCs EPH and MDMA, the opioid METH and its metabolite EDDP, and the THC metabolite THC-COOH were all found in fluvial waters in concentrations ranging from 1.56 ng/L to 40.9 ng/L. The highest concentrations of these substances were detected in the RPS2 sample, collected downstream of the discharge of the Toledo city STP. Most of these substances were not found in tap water, although some of them were detected at very low concentrations, such as METH (0.99 ng/L) in Toledo city tap water (DW1) and EPH (0.90 ng/L) in Talavera de la Reina tap water (DW3). Despite the low concentrations of these pollutants, the risk to human health and the environment is nowadays under consideration and further studies on their occurrence, ecotoxicology and effects on public health (especially on vulnerable populations) should be carried out. The application of heterogeneous photo-Fenton treatment as advanced oxidation process has shown a remarkable effectiveness for the degradation of these substances, making this technique a feasible technology for implementation in drinking water treatment plants.
